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mortalitet, posebno za svaku skupinu uzroka odumira-
nja stabala obične jele.
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Tablica 1. Reljefne i strukturne karakteristike trajnih pokusnih ploha. J – jug, JZ – jugozapad 























A 810 12 J 81 439,3 II 92/8
B 840 32 J 148 367,2 II 95/5
C 790 23 JZ 112 377,1 II 93/7
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REZULTATI ISTRAŽIVANJA S RASPRAVOM





















































u skupini 3 samo 0,02 m3/ha. Utvrđena je velika razlika u 
volumnom iznosu mortaliteta (p = 0,029), i to između sku-
pine uzroka 1 i 3, što je posljedica, kako manjeg broja mr-
Tablica 2. Deskriptivna statistika klimatskih i strukturnih elemenata te 
nagiba terena na području istraživanja
Table 2 Descriptive statistics of climatic and structural parameters and in-












848,58 579,50 – 1224,40
Temperatura zraka (°C) 
Temperature, °C
13,30 11,80 – 15,30
Vodna bilanca (mm) 
Water balance, mm
345,25 57,30 – 717,70
Potencijalna evapotranspiracija – PET (mm) 
Potential evapotranspiration – PET, mm
503,33 470,10 – 558,80
Suša (mjeseci) 
Drought, months
0,50 0,00 – 2,0
Maksimalna brzina vjetra (m/s) 
Maximum wind speed, m/s
15,12 9,30 – 22,50
Srednja brzina vjetra (m/s)
Average wind speed, m/s
1,96 1,20 – 2,40
Strukturni elementi 
Structural parameters
d1.30 (cm) DBH, cm 42,22 10,45 – 103,25
Debljinski prirast (cm) 
Radial increment, cm
0,30 0,01 – 1,10
Promjer krošnje (m) 
Crown diameter, m
3,62 1,40 – 6,30
Visina krošnje (%) 
Crown height ratio, %
61,04 11,40 – 67,00
Osvijetljenost krošnje (%) 
Shading, %
22,09 0,00 – 80,00
Nagib terena 
Inclination
Nagib terena (%) 
Inclination, %
23,04 0,00 – 55,00
Podaci za klimatske elemente odnose se na vegetacijsko razdoblje (1. travnja – 30. 
rujna). 
Climate data refer to the vegetation period (01 April – 30 September)
Tablica 3. Maksimalni godišnji iznosi mortaliteta stabala obične jele
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Slika 1. Dinamika odumiranja stabala obične jele (N/ha) prema različitim skupinama uzročnika  odumiranja
Figure 1 Dynamics of silver fir dieback (N/ha) for various dieback causes groups
Slika 2. Mortalitet stabala obične jele (N/ha) prema skupinama uzroka po debljinskim stupnjevima
Figure 2 Mortality of silver fir trees (N/ha) for various dieback causes groups and DBH classes
Slika 3. Mortalitet stabala obične jele (m3/ha) prema skupinama uzroka po debljinskim stupnjevima
Figure 3 Mortality of silver fir trees, (m3/ha) for various dieback causes groups and DBH classes
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tvih stabala u skupini 3 u odnosu na skupinu 1, tako i nji-

































Slika 4. Usporedba mortaliteta stabala obične jele (N/ha i m3/ha) prema uzrocima mortaliteta. Stupci predstavljaju srednju vrijednost ± stand-
ardna pogreška. Vrijednosti označene različitim slovima znatno se razlikuju, p < 0,05.
Figure 4 The comparison of silver fir trees mortality (N/ha and m3/ha) according to dieback causes group. Columns represent mean values ± stan-
dard error. Values denoted by different letters are significantly different.














tet stabala uzrokovan skupinom uzroka 1, ali smo 
ustanovili znatan utjecaj količine oborina na mortalitet sta-
bala uzrokovan skupinom uzroka 2. Naime, na statiku sta-
bala, osim vjetra, od klimatskih elemenata djeluju i tempe-


































zbog strukture podataka (sva stabla u skupini 3 su bila po-
tisnuta stabla, imala su nultu vrijednost za osvijetljenost 
krošnje i rodino gnijezdo).
Tablica 4. Spearmanova korelacija iznosa mortaliteta stabala obične jele te klimatskih elemenata i potencijalne evapotranspiracije 
Table 4 Spearman correlation of silver fir mortality values with climatic parameters and PET
Sk 1 – kompleksno odumiranje / dieback due to complex (multiple) causes; Sk 2 – vjetar / wind; Sk 3 – prirodno izlučivanje / dieback of supressed trees; 
O – oborina / precipitation; T – temperature / temperature; PET – potencijalna evapotranspiracija / potential evapotranspiration; VB – vodna bilanca / wa-
ter balance; maks. BV – maksimalna brzina vjetra / maximum wind speed; sred. BV – srednja brzina vjetra / average wind speed
* signifikantno na razini p < 0,05 / significant at p < 0,05
Iznos mortaliteta 
Amount of mortality














Sk 1 (m3/ha) 0,28 0,50* 0,40* 0,42 -0,31 -0,28 -0,34
Sk 2 (m3/ha) -0,65* 0,51 0,58 0,60 -0,33 0,65* 0,48
Sk 3 (m3/ha) -0,41 0,86* 0,77* 0,22 -0,33 -0,40 -0,67
Tablica 5. Spearmanova korelacija iznosa mortaliteta stabala obične 
jele (m3/ha) te strukturnih čimbenika i nagiba terena. *signifikantno na 
razini p < 0,05
Table 5 Spearman correlation of silver fir mortality values with stand struc-
tural parameters and inclination. *significant at p < 0,05
Strukturni čimbenici /  
nagib terena













Prsni promjer, d1.30 (cm) 
DBH, cm
0,99* 0,97* 0,95*
Debljinski prirast (cm) 
Radial increment, cm
0,35 0,33 0,19









Socijalni položaj stabla 
Tree social position
-0,79* -0,76* ---






Nagib terena (%) 
Inclination, %
-0,51* -0,63* 0,38



































































ment of pedunculate oak (Quercus robur) in the middle Volga 
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to forest ecosystems in Europe. Although the scale of climate change impacts on forests is not yet fully 
understood, especially on the regional or species level, significant damage seems to be caused by 
weather extremes, such as drought and strong winds. With the expected increase in the number, length, 
and/or intensity of extreme weather events in Croatia, research into the causes of tree mortality is both 
important and timely.
Silver fir is the most damaged and endangered conifer tree species in Croatia. The dieback of silver fir 
can be attributed to various factors, therefore the goals of this research were to determine the mortal-
ity of silver fir trees (by number and volume) for various causes of mortality, among which the climatic 
and structural parameters were of most interest. The twenty-year data for tree mortality in pure silver 
fir stands in the area of Fužine (Gorski kotar, Croatia) were collected and analysed. The largest num-
ber and volume of dead trees was caused by complex (multiple causes) dieback in the overstorey (0,75 
N/ha, 2,35 m3/ha), and the smallest (0,17 N/ha, 0,02 m3/ha) by dieback of supressed trees. No signifi-
cant differences were determined regarding the timing of tree death for different causes of mortality. 
Climatic parameters (drought, air temperature, PET) and structural parameters of the stands (tree 
DBH, social position, crown diameter, shading, physiological maturity) as well as plot inclination were 
found to be the factors of a significant influence on the mortality of silver fir trees.
KEY WORDS: temperature, precipitation, drought, wind, stand structure   
